Recent studies have reported elevated levels of S100A6 in pancreatic ductal adenocarcinoma cells. Here, we describe a detailed analysis of S100A6 expression in benign (n = 32), malignant (n = 60), and premalignant pancreatic ductal cells [96 pancreatic intraepithelial neoplasias (PanIN) from 46 patients]. S100A6 staining was more intense in malignant cells than in benign cells (P = 0.0001). In malignant cells, staining was higher in the nucleus than in the cytoplasm (P = 0.003). Univariate analysis revealed a significant decrease in survival time for patients with high levels of nuclear (P = 0.01) but not cytoplasmic (P = 0.20) S100A6. No evidence was found for an association between nuclear S100A6 expression and other variables, including gender, age at surgery, tumor size or grade, nodal metastases, resection margin, vascular invasion, perineural invasion, p53 or Smad4 levels (both linked to survival in previous studies), or the p65 subunit of nuclear factor-KB (a potential regulator of S100A6). Although nodal metastases and resection margin involvement were also associated with poor survival (P = 0.06 in both cases), multivariate analysis suggests that nuclear S100A6 is a significant independent indicator of survival (P = 0.003). Whereas PanIN 1a lesions showed a general absence of S100A6 staining, there was a progressive increase in the proportion of positively stained PanINs with increasing PanIN grade. In particular, we observed an increase in the frequency and intensity of nuclear staining. Our results suggest that upregulation of S100A6 is an early event in pancreatic cancer development and that elevated levels of nuclear S100A6 may affect clinical outcome. (Cancer Res 2005; 65(8): 3218-25) 
High Nuclear S100A6 (Calcyclin) Is Significantly Associated with Poor Survival in Pancreatic Cancer Patients Introduction
Pancreatic ductal adenocarcinoma is a serious health problem. Worldwide, an estimated 213,000 people died of the disease in the year 2000, and in the Western world particularly, it is a leading cause of cancer death (1, 2) . Although resection and adjuvant chemotherapy offers a significant survival advantage (3) , only up to 9% of patients undergo potentially curative surgery (4) and most patients are dead from the disease within 6 to 8 months of diagnosis (1, 2) . The molecular characterization of pancreatic cancer is relatively advanced with genetic alterations documented for several specific genes, including K-ras, p53, p16 INK4a , and Smad4 ( for review, see ref. 5 ). Furthermore, the classification of precancerous ductal lesions into a standard system (6) has resulted in the development of a pathologic progression model akin to the colorectal adenoma-carcinoma model. Nevertheless, additional progress is dependent on elaborating, still further, the biological nature of this disease.
Both gene expression profiling experiments (7, 8) and a proteomic study (9) of pancreatic cancer have led to the observation that S100A6 is overexpressed in pancreatic cancer cells. Our studies (8, 9) revealed pancreatic tumor cells to have both a greater frequency and a higher intensity of S100A6 expression compared with normal pancreatic ductal epithelial cells. S100A6 is a low molecular weight calcium binding protein, the crystal structures of which, in the calcium-free and calcium-bound states, are consistent with it being a calcium sensor (10) . It belongs to a family of proteins of the EF-hand type known as the S100 protein family. Members of this family can interact with effector proteins, thereby regulating enzyme activities, dynamics of cytoskeleton constituents, cell growth and differentiation, and calcium homeostasis ( for review, see ref . 11) . Whereas the role of S100A6 has yet to be clearly defined, it has been implicated in several cellular processes. It was first identified as a protein whose expression increased in human fibroblasts in response to growth factor stimulation (12) . More recently, it has been shown that expression of antisense S100A6 inhibited proliferation in fibroblasts (13) . Its expression has also been shown to increase in the renal collecting duct in response to vasopressin, suggesting a role in transepithelial ion transport (14) . It has been implicated in the calcium-dependent secretion of insulin from pancreatic h cells (15) and in the ubiquitination pathway regulating the proteolytic degradation of h-catenin (16) .
Despite the seemingly disparate roles proposed for S100A6, one consistent feature is its up-regulation in a variety of tumors (12, (17) (18) (19) . In this context, it has been linked to metastasis (17, 18, 20) . In a study of the metastatic ability of cutaneous melanoma cell lines in nude mice, elevated S100A6 correlated with high metastatic ability (20) . Recently, two independent groups found S100A6 expression to be particularly high at the invasive margins of colorectal adenocarcinoma, suggesting a role in tumor progression and invasion (17, 18) . The regulation of S100A6 gene expression is poorly understood, although roles for the transcription factors activator protein-1, upstream transcription factor-1, and nuclear factor-nB (NF-nB) have been proposed (21) (22) (23) .
In this study, we have undertaken a detailed analysis of S100A6 cytoplasmic and nuclear expression in benign, malignant, and premalignant pancreatic ductal cells. We correlated S100A6 overexpression with molecular and clinicopathologic variables, including outcome. In addition, because RelA, the p65 subunit of NF-nB, has been reported to be constitutively activated in pancreatic cancer (24) , we also sought to determine whether S100A6 overexpression was associated with nuclear RelA.
Materials and Methods
Cell lines and Western blotting. The human pancreatic adenocarcinoma cell line Panc-1 was obtained from the American Type Culture Collection (Rockville, MD) and maintained in RPMI 1640 supplemented with 10% FCS, 2 mmol/L L-glutamine, 2,500 IU/mL penicillin, and 5 Ag/mL streptomycin (all from Sigma, Poole, United Kingdom) at 37jC in a humidified atmosphere of 5% CO 2 . For Western analysis, Panc-1 cells were collected and resuspended in buffer containing 50 mmol/L HEPES (pH 7.5), 150 mmol/L NaCl, 10% glycerol, 0.1% Triton X-100, and 0.2 mmol/L CaCl 2 supplemented with Complete protease inhibitors (Roche Diagnostics, Indianapolis, IN) and sonicated on ice. Protein quantification was by the Bradford method, and specified quantities of protein were electrophoretically separated by SDS-PAGE on 10% to 20% Tris-HCl gradient gels (Bio-Rad Laboratories Ltd., Hemel Hempstead, Hertfordshire, United Kingdom). Separated proteins were electrophoretically transferred to Hybond nitrocellulose membranes (Amersham Biosciences, Chalfont St. Giles, Buckinghamshire, United Kingdom), and membranes were blocked in 5% milk in PBS for 30 minutes before application of a rabbit anti-S100A6 polyclonal antibody (DAKOCytomation, Cambridgeshire, United Kingdom). Membranes were washed thrice in TBS containing 0.1% Tween 20 for 10 minutes followed by incubation with a horseradish peroxidase-conjugated goat anti-rabbit secondary antibody (DAKO). After extensive washing in TBS containing 0.1% Tween 20, proteinantibody complexes conjugated with peroxidase were visualized with Western Lighting chemiluminescence reagent (Perkin-Elmer Life Sciences, Boston, MA).
Generation and purification of recombinant S100A6. A recombinant S100A6 protein containing a 6Â His COOH-terminal tag was generated as follows: reverse transcription PCR was done on RNA isolated from Panc-1 cells using the primers 5V -ATGGCATGCCCCTGGATCAG-3V and 5V -TCAGCCCTTGAGGGCTTCAT-3V . The resulting amplicon was cloned into a pBAD-TOPO vector (Invitrogen, Carlsbad, CA) and transformed into Escherichia coli. Optimal expression of the His-tagged S100A6 in E. coli was achieved following incubation of cultures with 0.02% (w/v) L(+)-arabinose (Sigma) for 4 hours. For extraction of protein, bacteria were harvested, resuspended in buffer containing 20 mmol/L phosphate, 0.5 mol/L NaCl, and 20 mmol/L imidazole (pH 7.5) along with Complete EDTA-free protease inhibitors, and sonicated on ice for four periods of 20 seconds. Bacterial supernatants were loaded onto HisTrap HP nickel columns (Amersham Biosciences), and contaminating proteins were removed by extensive washing of the nickel matrix with binding buffer containing 100 mmol/L imidazole. S100A6-His was eluted in the presence of 300 mmol/L imidazole, which was subsequently removed from protein preparations using HiTrap desalting columns (Amersham Biosciences). The purity of each S100A6-His preparation was confirmed using SDS-PAGE on 10% to 20% Tris/tricine gels (Bio-Rad) and colloidal Coomassie blue G-250 staining as described previously (9) .
Pancreatic cancer tissue microarray analysis. A rabbit anti-human S100A6 antibody, raised against purified recombinant human S100A6 monomer expressed in E. coli, and a murine anti-human p53 monoclonal antibody (clone DO-7) were obtained from DAKOCytomation (Cambridgeshire, United Kingdom). Anti-RelA, a peptide antibody raised against the nuclear localization signal of p65, was obtained from Roche ( formerly Boehringer-Mannheim). A monoclonal antibody raised against Smad4 (clone B8) was obtained from Santa Cruz Biotechnology (Santa Cruz, CA). These were used to perform immunohistochemical analysis on a pancreatic cancer tissue microarray generated at the Cancer Tissue Bank Research Centre, University of Liverpool (Liverpool, United Kingdom) using the method described by Kononen et al. (25) . The pancreatic cancer tissue microarray contained matched duplicate nonmalignant and malignant specimens from 60 patients treated at the Royal Liverpool University Hospital (Liverpool, United Kingdom) between 1994 and 2003. Nonmalignant specimens from 32 of the 60 patients contained sufficient benign ductal cells for evaluation. In addition, a separate microarray containing 22 benign ducts, 35 pancreatic intraepithelial neoplasia (PanIN) 1a, 26 PanIN 1b, 22 PanIN 2, and 13 PanIN 3 lesions was also analyzed.
Immunohistochemistry was done as described previously (9) . Briefly, microarray sections 5 Am in thickness were deparaffinized in xylene and then rehydrated through alcohol to distilled water. Antigen retrieval, as recommended by the suppliers of the S100A6 antibody, was done by pressure cooking the slides in 10 mmol/L EDTA (pH 7.4) for 3 minutes. Immunohistochemical staining was done using an automatic staining system (Autostainer, DAKOCytomation). Separate slides were incubated for 40 minutes with anti-S100A6 antibody (0.25 Ag/mL), anti-Smad4 antibody (2.0 Ag/mL), anti-p53 antibody (3.35 Ag/mL), and anti-RelA (10 Ag/mL). Slides were then rinsed in TBS-Tween 20, and the antibody localization was visualized by incubating sections with a horseradish peroxidase-conjugated labeled polymer for 30 minutes followed by diaminobenzidine (DAKOCytomation) for 10 minutes. Slides were counterstained with hematoxylin and dehydrated with 100% ethanol and xylene, and coverslips mounted with distrene, plasticizer, and xylene mountant (VWR International Ltd., Poole, United Kingdom). To achieve anti-S100A6 antibody neutralization, the rabbit anti-S100A6 polyclonal antibody was mixed with an excess of the purified recombinant S100A6-His protein and incubated overnight at 4jC. This, instead of the primary antibody, was then used as a negative control.
Scoring of the pancreatic cancer tissue microarray sections was done by a specialist histopathologist (F.C.). The information recorded included the subcellular location of S100A6 staining (nuclear and cytoplasmic), intensity of staining [grade 0 (negative), 1 (weak), 2 (moderate), and 3 (strong)], and percentage of cells demonstrating positive immunoreactivity (0 for no staining, 1 point for <20%, 2 points for 20-50%, and 3 points for >50% of cells). The total score for each compartment was obtained as the product of intensity and extent (percentage of cells stained) of staining. Negative or weakly positive cases had a score of 0 to 3, moderately positive cases had a score of 4 to 6, and strongly positive cases had a score of >6. S100A6 expression was than divided into two groups, low expression (negative or weakly stained) and high expression (strong or moderately stained). Assessment of the staining of p53 and Smad4 was done in a similar fashion. For p53, a score of z4 was defined as representing p53 overexpression (cutoff obtained by correlating p53 protein expression with known mutation status from tissue and juice analysis in a subset of patients; data not shown). For Smad4, negative cases were defined as the complete absence of expression as described previously (26) . The PanIN microarray was scored in a similar fashion by a separate specialist pathologist (J.L.). Subcellular compartments were scored individually, and the staining intensity was graded as negative, weak, or moderate. Due to the small size of PanIN lesions, the proportion of cells staining was not recorded.
Statistical analyses. Clinicopathologic variables were extracted from histopathologic reports and included patients' age at surgery, gender, tumor size, tumor grade, lymph node status, and resection margin status. Reporting of vascular or perineural invasion was not recorded systematically in all reports. To obtain associations between S100A6 expression and clinicopathologic variables, data were cross-tabulated and Fisher's twosided exact test or v 2 test was done as appropriate. Immunohistochemical scores were compared using the Wilcoxon rank-sum test. To evaluate the effect of S100A6 expression on patient survival, life tables were constructed from survival data and Kaplan-Meier curves were plotted. Overall survival was measured from date of initial surgery to date of death, counting death from any cause as the end point or the last date of information as the end point if no event was documented. For Kaplan-Meier curves, comparisons between groups were done using the log-rank test. A Cox proportional hazards regression model was created to assess the prognostic value of S100A6 expression in multivariate analyses. All statistical analyses were done using Statview version 5.01 (SAS Institute, Inc., Cary, NC). Significance was set at P < 0.05.
Results
Clinicopathologic data. Patient and tumor characteristics are summarized in Table 1 (column 1). Univariate survival analysis was done on all pathologic and molecular variables. Of these, only the presence of nodal metastases (log-rank v 2 1 = 3.4; P = 0.06) and positive resection margins (log-rank v 2 1 = 3.45; P = 0.06) were associated with decreasing patient survival.
Specificity of S100A6 antibody staining. The anti-S100A6/ calcyclin polyclonal antibody (DAKOCytomation) was assessed to determine its suitability for analysis of S100A6 expression in pancreatic tissues. Western blot analysis of a whole cell lysate from Panc-1 pancreatic ductal adenocarcinoma cells (Fig. 1A) revealed the detection of a prominent protein band corresponding to the reported size of S100A6 on SDS-PAGE gels (27) . We reported previously that Western analysis on a pancreas tumor protein extract separated in two dimensions revealed a single spot, correctly positioned for S100A6 (9) . To establish that the staining of sections detected in our immunohistochemical experiments was specific to the anti-S100A6 antibody, a recombinant S100A6 protein containing a His tag was generated and used to compete-out S100A6-specific antibodies before immunoassays. The bacterially produced, His-tagged S100A6 protein was purified to homogeneity (Fig. 1B) and, before immunostaining, was mixed with the anti-S100A6 polyclonal antibody or, as a control, sodium phosphate buffer. Immunostaining with preabsorbed antibody effectively prevented staining (Fig. 1C) .
Pattern of S100A6 staining in pancreatic ductal adenocarcinoma. The pancreatic samples contained in the pancreatic cancer tissue microarray enabled the analysis of benign ducts from 32 patients and malignant samples from 60 patients. The overall intensity of S100A6 staining was higher in malignant ducts than in benign ducts. The median score in the nuclear compartment of malignant specimens was 6 (interquartile range, 4-9) compared with 2 (interquartile range, 1-3) in benign ducts (P < 0.0001, Wilcoxon rank-sum test). Similarly, the median cytoplasmic score in malignant ducts was 3 (interquartile range, 3-6) compared with 1.5 (interquartile range, 0-1.5) in benign ducts (P < 0.0001). The difference between nuclear and cytoplasmic staining in malignant ducts was significant (P = 0.003, Wilcoxon rank-sum test). For analysis of malignant specimens, we categorized the immunostaining pattern in malignant specimens into two categories, low (which included cases with a score of 0-3) and high (which included moderately positive cases with a score of 4-6 and strongly positive cases with a score of >6). Figure 2 shows representative examples of each type of staining. Forty-seven of 60 (78%) patients exhibited strong or moderate immunoreactivity in the nuclear compartment, whereas only 26 of 60 (43%) patients exhibited strong or moderate immunoreactivity in the cytoplasmic compartment. Weak staining was also occasionally observed in stromal cells and inflammatory cells.
High nuclear S100A6 expression is associated with short survival. Only four patients were still alive at the time of the study. We examined the relationship between both nuclear and cytoplasmic S100A6 expression and survival. The median survival of patients with tumors showing low nuclear S100A6 staining was 28.6 months [95% confidence interval (95% CI), 15.2-42.9 months]. By contrast, the median survival of patients with tumors containing high nuclear S100A6 levels was significantly shorter at 9.7 months (95% CI, 6.5-11.9 months; log-rank v 2 1 = 5.75; P = 0.01; Fig. 3A ). This association, however, did not exist for cytoplasmic expression of S100A6. The median survival of patients with tumors shows low cytoplasmic S100A6 staining of 13.1 months (95% CI, 6.5-25.2 months) versus 9.7 months (95% CI, 6.9-14.1 months) for patients with high cytoplasmic expression (log-rank v Our survival analysis showed a clear link between nuclear S100A6 expression and survival. To address whether there were confounding variables, we examined the relationship between nuclear Figure 2 . Immunohistochemical staining demonstrating S100A6 expression in malignant ductal epithelium. A, S100A6-negative expression; B, weak expression; C, moderate expression; D, strong expression, where the most intense staining was observed in the nuclear compartment. Some additional staining was also noted in stromal cells and inflammatory cells. Magnification, Â40. Figure 1 . Specificity of S100A6 specific antibody binding. A, Western analysis of a pancreatic cancer cell line (Panc-1) using polyclonal S100A6 antibody reveals a single protein band at 6 kDa. B, purity of His-tagged S100A6 recombinant protein confirmed by Coomassie blue G-250 staining following two-dimensional PAGE separation. C, incubation of pancreatic cancer tissue sections with His-tagged S100A6 recombinant protein and antibody mixture (i) results in abolition of immunostaining when compared with the control (ii ; antibody and PBS). S100A6 expression and other recognized pathologic prognostic factors (tumor size, grade, lymph node metastases, resection margin status, vascular invasion, and perineural invasion) and molecular factors (p53 and Smad4). Additional variables were also evaluated (Table 1) .
For the variables of gender, age at surgery, tumor grade, tumor size, nodal status, and resection margin status, data were available for all 60 patients. There was no significant association with these variables and nuclear S100A6 expression (Table 1) . Data for vascular or perineural invasion were available for only 46 and 44 patients, respectively. There was no evidence for an association between nuclear S100A6 expression and any of these variables (Table 1) . High cytoplasmic S100A6 expression, however, was observed in 18 of 29 (62%) of patients with vascular invasion compared with 3 of 17 (18%) of patients without vascular invasion (P = 0.005, Fisher's exact test).
Immunohistochemical analysis of tumor samples from all 60 patients (Table 1) in the study revealed overexpression of the p53 protein in 33% (20 of 60). Of these, 75% (15 of 20 patients) had high nuclear S100A6. A similar proportion of the patients with low or undetectable p53 (32 of 40, 80%) also had high nuclear S100A6. Thus, there was no evidence for a link between overexpression of p53 and high nuclear S100A6. Smad4 expression (Table 1) was determined in 53 patients; 7 patients were excluded from the microarray analysis due to insufficient specimen material. Consistent with previous work (28), we found that 47% (25 of 53) of patients lacked Smad4 protein expression. Of these 25 patients, 17 (68%) had high nuclear S100A6 expression. Of the 28 Smad4-expressing patients, 24 (86%) had high nuclear S100A6 expression. S100A6 nuclear expression was therefore observed in a relatively similar proportion of Smad4-positive and Smad4-negative patients.
Multivariate survival analysis. A multivariate Cox proportional hazards model using those variables associated with survival in our study (nodal metastases, positive resection margins, and nuclear S100A6 expression) revealed only S100A6 expression to be a significant independent prognostic indicator (log-rank v 2 1 = 8.79; P = 0.003; Table 2 ).
Nuclear RelA is not strongly associated with high S100A6 expression. To determine whether there was an association between high S100A6 expression and activated RelA, we carried out immunohistochemistry using an antibody that recognizes an epitope of RelA, which overlaps its nuclear localization signal. Immunohistochemistry was done on the pancreatic cancer tissue microarray; however, only 40 of 60 malignant cases and 27 of 32 benign cases were available for analysis. RelA (Fig. 4A) was detected in the cytoplasm of benign ducts from 26 of 27 (96%) patients. However, nuclear RelA staining was observed in a minority only (7 of 27, 26%) of these benign ducts. Cytoplasmic but not nuclear staining of acinar cells was also detected with this antibody (data not shown).
By contrast, nuclear RelA staining (Fig. 4B ) was detected in 57% (23 of 40) of cancer samples. Thus, nuclear RelA was present in a significantly higher proportion of tumor samples than benign ducts (P = 0.01). The staining in many cancer samples was reciprocal (i.e., RelA was detected either in the cytoplasm or in the nucleus; Fig. 4B ).
Of the 40 malignant cases assessed for RelA, corresponding nuclear S100A6 expression data were available for 38 cases. We examined whether patients with nuclear RelA had increased S100A6 expression compared with patients lacking nuclear RelA (Table 3) . Of 21 patients with detectable nuclear RelA, 16 (76%) expressed high nuclear S100A6. Of 17 patients who had undetectable nuclear RelA, 12 (70%) had high nuclear S100A6 expression. Similarly, there was no significant association between cytoplasmic S100A6 and RelA. Thus, the presence of nuclear RelA was not apparently associated with S100A6 expression. Of note, however, a slightly higher proportion of patients with nuclear RelA also had nuclear S100A6 (Table 3 ). In addition, the median score for the intensity of nuclear S100A6 staining in patients with nuclear RelA was 6 (interquartile range, 1.75-9) compared with 4 (interquartile range, 0-6) in patients lacking nuclear RelA, although this was not statistically significant (P = 0.19). The Figure 3 . Kaplan-Meier survival curves for 60 patients with pancreatic cancer. A, survival curves for patients according to their nuclear S100A6 expression. (i) Nuclear S100A6 low expression (weak or negative immunostaining) and (ii ) nuclear S100A6 high expression (strong or moderate immunostaining). Test statistics: log-rank test (1 df , P = 0.01). B, survival curves for patients according to their cytoplasmic S100A6 expression. (i) Cytoplasmic S100A6 low expression (weak or negative immunostaining) and (ii ) nuclear S100A6 high expression (strong or moderate immunostaining). Test statistics: log-rank test (1 df , P = 0.2). median score for cytoplasmic S100A6 staining was the same (3) for each group. S100A6 expression in PanIN lesions. Given our observation that nuclear S100A6 was associated with poor survival, we wished to establish whether overexpression of S100A6 was an early or late event in the development of pancreatic cancer. This was examined by carrying out immunohistochemical analysis on a separate microarray containing 22 benign ducts, 35 PanIN 1a, 26 PanIN 1b, 22 PanIN 2, and 13 PanIN 3 lesions. Examples of immunostained PanIN lesions are shown in Fig. 5 . The percentage of each type of PanIN lesion exhibiting S100A6 expression (including cytoplasmic and/or nuclear S100A6) is presented in Fig. 6A . We observed S100A6 expression in a small percentage only of PanIN 1a lesions. By contrast, 62% of PanIN 1b lesions were positively stained for S100A6 and this increased with increasing PanIN grade (Fig. 6A) . Nuclear staining was more variable than cytoplasmic staining and reached higher levels. When nuclear staining was categorized into negative, weak, or moderate and the percentage of each type of PanIN lesion displaying these types of nuclear staining was plotted, it was clear that the frequency and the intensity of nuclear staining increased with increasing PanIN grade (P < 0.0001; v 2 test; Fig. 6B ).
Discussion
In this study, we analyzed the expression of S100A6 in benign and premalignant pancreatic ductal cells as well as in pancreatic cancer cells. Our study revealed the majority of pancreatic cancer cases to have high levels of nuclear S100A6. Furthermore, those patients with high levels of nuclear S100A6 had a significantly reduced survival time compared with patients who have low or undetectable nuclear S100A6. That high nuclear S100A6 levels correlate with poor survival in pancreatic cancer patients was not anticipated, as this relationship has not, to our knowledge, been shown for any other cancer type. Other S100 family members, by contrast, have been linked to poor outcome in certain cancers. Gongoll et al. (29) showed that S100A4 expression in colorectal cancer tumors was accompanied by a significantly decreased patient survival time compared with S100A4-negative tumors. Likewise, psoriasin (S100A7) expression in estrogen receptornegative invasive breast cancer was associated with a poor clinical outcome (30) .
It is unclear why high nuclear S100A6 levels in pancreatic tumor cells are associated with poor survival. The expression of the protein has been shown to increase in response to growth factor stimulation and it may be necessary for proliferation (12, 13) . Thus, S100A6 may be a marker of cell growth in pancreatic cancer cells or may be promoting the growth of pancreatic cancer cells. Alternatively, S100A6 overexpression has been linked to metastasis in two tumor types (17, 18, 20) . If S100A6 overexpression was promoting metastasis in pancreatic cancer, then this could account for its association with poor prognosis. Indeed, in this study, we observed an association between cytoplasmic S100A6 expression and vascular invasion. Due to the aggressive nature of pancreatic cancer, almost 90% of patients are unsuitable for resection of their cancer on presentation (4). As a consequence, tissue specimens for studies such as this one are extremely scarce. The number of patients analyzed in the present study is small, and although we interrogated our data set in an attempt to link nuclear S100A6 with variables that might clarify its relationship to poor survival, no obvious link to such a variable emerged. It is possible, however, that, with a larger patient set, relationships between S100A6 and other patient variables may emerge that may help explain why nuclear S100A6 is associated with poor survival.
Given that the transcription factor NF-nB is constitutively activated in pancreatic cancer (24) and that this factor (in particular, NF-nB-containing p65/RelA) has also been proposed as a potential regulator of S100A6 gene expression (23), we considered it important to examine whether S100A6 expression was a downstream event of NF-nB activation and thus a surrogate marker for this. Although the incidence of nuclear RelA (activated RelA) was significantly higher in tumor samples (P = 0.01) than in nonmalignant ductal cells, a similar proportion of the nuclear-positive and nuclear-negative RelA patients had high S100A6 expression. Thus, a direct link between nuclear RelA and S100A6 expression was not observed. It may be that nuclear RelA does not necessarily reflect constitutive activation of NF-nB in these samples and that a more direct measure of NF-nB activation is required. Alternatively, NF-nB family members, other than RelA, may be involved. It is also possible that the levels of S100A6 protein are controlled by mechanisms, either transcriptional or post-transcriptional that do not involve NF-nB. Having observed the poor survival of patients with high nuclear S100A6 expression, we subsequently analyzed precursor lesions of pancreatic cancer. The genetic progression of PanIN lesions is well documented, with the rate of mutations increasing through the higher grades. Based on the study of such mutations, the major step in progression to malignancy occurs between grades 1 and 2/3 (31). We found that cytoplasmic S100A6 expression increases sharply between PanIN 1a and 1b. However, nuclear S100A6 levels increase between PanIN 1b and 2 and that expression continues to increase through to PanIN 3. Thus, the expression of S100A6 in PanIN lesions would seem to parallel the general rate of genetic mutations in these lesions.
In summary, we have shown that nuclear S100A6 expression is associated with poor survival in pancreatic cancer patients. This finding was not clearly attributable to any other investigated patient variable. It is impossible to say whether high nuclear S100A6 is an underlying cause of tumor aggressiveness or whether it is simply a marker of it. However, what is clear is that S100A6 overexpression occurs early in the development of pancreatic cancer and may contribute to the etiology of the disease. Importantly, it is the detection of early lesions at an asymptomatic stage that may allow curative resection of pancreatic cancer and offer a greater chance of cure. In this context, S100A6 Figure 6 . A, S100A6 immunoreactivity in PanIN lesions. Lesions were scored for S100A6 immunoreactivity (including cytoplasmic and nuclear staining), and the percentage of S100A6 positive lesions in each distinct PanIN group was plotted (*, P < 0.05, v 2 test). B, nuclear staining of PanIN lesions. Nuclear S100A6 staining was graded as weak, negative, or moderate. For each type of PanIN, the percentage of lesions with negative, weak, or moderately stained nuclei was plotted (*, P < 0.05, v 2 test).
may have a future role as a biomarker for pancreatic cancer. Additionally, however, the ability to distinguish patients based on prognosis is important and is likely to have increasingly significant implications for the treatment of pancreatic cancer patients in the future. S100A6 may represent a useful prognostic marker, although a larger study will be required to determine if this is the case.
